Initially in early metazoan development, the zygotic genome is transcriptionally silent, and rapid cell cycles proceed by the control of maternally provided factors. During this process, epigenetic modifications and chromatin accessibilities are globally reprogrammed from the germ-cell (sperm and oocyte)-type to the pluripotent state. After this chromatin reorganization, zygotic genome activation occurs and development starts under the control of zygotic gene products. This developmental event is called midblastula transition (MBT).
Initially in early metazoan development, the zygotic genome is transcriptionally silent, and rapid cell cycles proceed by the control of maternally provided factors. During this process, epigenetic modifications and chromatin accessibilities are globally reprogrammed from the germ-cell (sperm and oocyte)-type to the pluripotent state. After this chromatin reorganization, zygotic genome activation occurs and development starts under the control of zygotic gene products. This developmental event is called midblastula transition (MBT) .
In this study, we investigated the dynamics of three-dimensional genome organization during MBT in medaka embryos using Hi-C. We found that the domain structure of the medaka genome is established during this period. Importantly, the pattern of accessible and closed chromatin appeared first, followed by three-dimensional compartmentalization of the genome. We also found that some of the TAD boundaries are correlated with gene transcription. Furthermore, inhibition of zygotic gensome activation by RNA polymerase II inhibitor did not affect the majority of the domain structures, but disrupted some of the TAD boundaries, suggesting that domain formation is mediated by various factors. The development of vertebrate heart is a complex process which involves interaction between multiple signaling pathways at the molecular level, as well as interactions at the cell and tissue level. Disruption of this sophisticated network of interactions results in congenital heart defect (CHD), one of the most common birth defects and is a major cause of heart diseases.
Taking advantage of Danio rerio as the model organism, many molecular pathways have been identified as key regulators of proper heart development. However, despite these advances, there is still a lack of information on their downstream regulatory networks and how they interact.
In our study, we focus on the regulation of heart development by four transcription factors: Hand2, Gata5, Nkx2.5 and Tbx5, shown as the fundamental players of cardiogenesis. We use chromatin immunoprecipitation followed by the next generation sequencing (ChIP-seq) to identify genome-wide binding sites of key cardiac TFs. We investigated the action of these TFs at several stages of heart development: specification of progenitors (15 -16 hours postfertilization, hpf), migration (18 -22 hpf), cells differentiation and heart formation (24 hpf and 48 hpf). In each of these phases TFs play a crucial role in initiating transcription of cardiac genes, leading to the cascade of genetic regulation. Intersection of analysed genomewide binding profiles of these TFs yielded a comprehensive and unbiased map of genome-wide transcriptional targets of key cardiac TFs during cardiogenesis. Moreover, analysis of the genome-wide binding profiles of these TFs allowed the identification of cardiac regulatory elements (enhancers Cranial placodes give rise to many sensory organs and ganglia of the vertebrate head. All placodes arise from a common preplacodal ectodermal domain located around the anterior neural plate and defined by the expression of the transcription factors Six1 and its coactivator Eya1. Six1 and Eya1 continue to be expressed in most placodes and play essential roles for multiple aspects of placode development, including the development of neurons and sensory cells.
To get insights into the gene regulatory network (GRN) upstream of Six1 and Eya1, we used gain and loss of function studies of ectodermal transcription factors in Xenopus laevis. The expression of most ectodermal transcription factors becomes restricted to either ventral (non-neural) or dorsal (neural) parts during gastrulation. Our studies show that genes encoding both ventrally restricted (AP2, Msx1, FoxI1, Vent2, Dlx3, GATA2) and dorsally restricted (Pax3, Hairy2b, Zic1) transcription factors are required for Eya1 and Six1 expression in the preplacodal ectoderm, while conversely Eya1 and Six1 crossregulate these upstream genes.
To analyze the GRN downstream of Six1 and Eya1 we used RNASeq to screen for direct placodal target genes of Six1 and Eya1 by overexpressing hormone-inducible constructs of Six1 and Eya1 in pre-placodal explants, and blocking protein synthesis before hormone-inducing nuclear translocation of Six1 or Eya1. This allowed us to identify hundreds of novel Eya1/Six1 target genes including transcriptional regulators of progenitor fates (e.g. Sox2, Hes5/8) and neuronal/sensory differentiation (e.g. Ngn1, Atoh1, Pou4f1, Gfi1). Gain and loss of function studies showed that Eya1/Six1 (1) are required for placodal expression of these genes and (2) repress/delay neuronal differentiation by directly activating Hes5/8 independent of Notch signaling. The enzyme, protein kinase C (PKC) phosphorylates serine/ threonine residues and plays an important role in post translational modification. PKC isoforms are implicated in fertilization, embryogenesis and differentiation in many organisms including mammals. Although the spatio-temporal expression of PKCs is reported to be tightly controlled, little is known on the molecular mechanism controlling its expression during development. Previous studies in the model organism Dictyostelium discoideum demonstrated that a PKC ortholog (pkcA) is developmentally regulated and plays a critical role in development.
To characterize the mechanism that controls pkcA expression, we cloned an~1.8 kbp promoter segment of pkcA. Deletion analysis indicated a weak repressor and a strong mound-specific prestalk repressor between -1735 to -1525 and -565 to + 1 respectively. In addition, a 962bp 5'-upstream regulatory region was identified whose expression shifts from presumptive prestalk region during late aggregate to prespore cells in slug (Mohamed et al.,2015) . Sequence analysis of this region revealed canonical prespore specific activators including G-rich repeat element (GRE), Powell Coffman 1(PC1) -Powell Coffman 2 (PC2) pair and New element at positions -988/-979, -1013/-996 and -1424/-1417 respectively. Three promoter specific CA rich elements (CAEs) at -578/-568(CAE1), -613/-603(CAE2) and -781/-770(CAE3) respectively were identified which may act as activator or repressor in either prestalk or prespore specific manner.
To understand the significance of these elements and validate its predicted role, further deletion analysis was performed. A strong slugspecific prestalk repressor and a general activator were identified at -603/-569 (includes CAE1) and -804/-764 (includes CAE3) respectively suggesting CAEs are important for regulating pkcA expression as in many Dictyostelium promoters. This study suggests that pkcA promoter encompasses both prestalk and prespore activator elements but it is suppressed in prestalk cells during development. This suppression is brought by different regions of pkcA promoter at different developmental stages. Maternally inherited noncoding RNAs (ncRNAs) can regulate zygotic gene expression across generations. Recently, many stable intronic sequence RNAs (sisRNAs), which are by-products of premRNA splicing, were found to be maternally deposited and persist till zygotic transcription in Xenopus and Drosophila. In various organisms, sisRNAs can be in linear or circular conformations, and they have been suggested to regulate host gene expression. It is unknown whether maternally deposited sisRNAs can regulate zygotic gene expression in the embryos. Here we show that a maternally inherited sisRNA (sisR-4) from the deadpan locus is important for embryonic development in Drosophila. Mothers, but not fathers, mutant for sisR-4 produce embryos that fail to hatch. During embryogenesis, sisR-4 promotes transcription of its host gene (deadpan), which is essential for development. Interestingly, sisR-4 functions by activating an enhancer present in the intron where sisR-4 is encoded. We propose that a maternal sisRNA triggers expression of its host gene via a positive feedback loop during embryogenesis. Endochondral bones are formed as a cartilage template, which is subsequently replaced by bone tissue. To ensure correct bone formation, the differentiation from proliferating into hypertrophic chondrocytes and the formation of permanent cartilage in the joints is tightly regulated by a complex network of regulatory molecules. Recently, Hdacs have been identified as regulators of chondrocyte differentiation. Data of our lab indicate that chondrocyte specific transcription factors interact with a subset of Hdacs, thereby inducing their activity.
To get a deeper insight into the functional consequences of alterations in epigenetic marks linked to chondrocyte differentiation, we analyzed the epigenetic profile of the different chondrocyte populations. Using flow cytometry, proliferating chondrocytes were isolated from mice expressing YFP under the Collagen 2 promoter and from hypertrophic chondrocytes expressing YFP under the Collagen 10 promoter. Articular chondrocytes were dissected from femoral heads.
The epigenetic profile of the three cell types was analyzed by ChIP-Seq using a panel of chromatin markers including H3K9ac and H3K27ac for active promoters, H3K27ac for enhancers, H3K36me3 for expressed genes, H3K4me3 to detect genes primed for expression and H3K9me3 and H3K27me3 for repressed regions. In parallel, gene expression was assessed by RNA-Seq of microdissected chondrocytes. Initial bioinformatic analyses identified similar numbers of expressed genes in all chondrocyte populations, whereas the number and distance of enhancer elements, marked by H3K27ac, differs between proliferating and hypertrophic chondrocytes. We detected a dramatic increase of repressive histone trimethylation during differentiation. In addition, the number of bivalently marked genes carrying activating H3K4me3 and repressive H3K27me3 marks rises in hypertrophic cells. The bivalent mark mostly occurred on genes repressed in hypertrophic chondrocytes and might thus represent a first step in gene silencing. To elucidate distinct changes in chromatin structure during differentiation, we are currently characterizing defined chromatin states of the three cell types. During the life cycle of flowering plants, there is a switch of generations between the haploid gametophyte and the diploid sporophyte. In Arabidopsis, after double-fertilization, the fertilized egg and central cells develop into the embryo and endosperm, respectively, while the maternal integument develops into the seed coat. The factors controlling seed size via integument development act maternally, and those regulating seed size via endosperm or embryo development function zygotically. As endosperm development can be controlled by maternal tissues in some cases, it has been long proposed that their interplay may be mediated by a signal that moves between maternal tissues and endosperm. However, so far such a signal is largely unknown. Here we provide several pieces of evidence to suggest that TFL1 in maternal tissues is a hitherto unknown signal that triggers endosperm cellularization to control seed size of the progenies. We have also identified two potential TFL1 interacting partners that may mediate this regulatory process. Further investigation of TFL1 and its partners will shed important light on the mechanisms of seed size control in flowering plants. 
